Abstract During the last decade there have been significant socio-demographic changes in Spain with potential impact on gestational length. The aim of the study was to describe the evolution of gestational age during 1997-2008, separately for native-born and immigrant population, in order to assess their contribution to the overall pattern of gestational length. A cross-sectional study of 5,018,229 singleton births born between 1997 and 2008 was carried out. The annual mean of gestational age was calculated and compared by means of ANOVA test, globally and also separately for natives and immigrants. Proportions of deliveries by gestational age and maternal characteristics were calculated in 4 periods and compared by means of Chisquare tests. Crude and adjusted multinomial logistic regression models were fitted separately for native-born and immigrant women. Our results show that in the last 12 years a progressive shortening in the mean gestational age has taken place in Spain. While the overall decrease of gestational length along the period was 1.5 days, closer to that in Spanish women (1.3 days), it was 2.3 days among immigrants. In both groups this shortening was mainly due to an increase in the proportion of 37-39 weeks deliveries at the expense of a substantial decrease in those with 40 weeks. These trends remained after controlling for known confounding variables such as maternal age, parity and occupation. Further analysis of its causes and public health implications are recommended.
Introduction
Length of gestation is a key reproductive indicator because the survival and health status of the newborns depend largely on their maturity at birth. In humans, fetal development is considered normal in duration when birth occurs between the 37th and the 41st gestational week. Longer, and above all, shorter gestational times are associated to higher health risk and lower probability of survival. A wide range of factors can harmfully influence the duration of development in uterus. In industrialized countries, the greater access to contraceptive methods and the massive incorporation of women into the labor market have contributed significantly to the reduction of birth rates and to a later age of motherhood. In this regard, it is known that primiparae and women with first motherhood at [30 years have shorter pregnancies than multiparae and younger women, respectively [1] [2] [3] [4] . Emotional stress and anxiety, high workload and exposure to toxics are variables with a known negative impact on the duration of pregnancies [5] [6] [7] [8] [9] [10] . At the clinical setting, programs to reduce post-term pregnancies, better survival of increasingly premature births, increase of fertility treatments and obstetrical procedures such as elective caesarean section or elective induced labor are all factors that contribute to reduce the average duration of gestational age at birth in a population [1, [11] [12] [13] . The coexistence of many of these factors in current industrialized societies could be the explanation for the shortening of the gestational length identified in some recent studies [14] [15] [16] [17] .
In Spain, there have been significant socio-demographic changes during the last decade with impact on reproductive outcomes. On the one hand, the process of incorporating women into the labor market has consolidated. The main consequence of this process has been a delay of the first maternity, increasing the number of primiparae older mothers [18] and the number of women having to resort to infertility treatments [19] .
On the other hand, over the last decade there has been a massive arrival of immigrants to the country [20] . Immigrants are a population largely in reproductive age and an important increase in the number of births from immigrant mothers has taken place [21] .
Several studies have found significant differences in duration of gestational length amongst different ethnic groups [22] [23] [24] , and the higher proportion of children with shorter gestational age born to immigrant mothers has been proposed as one possible explanation for changes in the gestational length in European countries [25, 26] . Therefore, the aim of this study was to describe the evolution of the duration of gestational age during the period 1997-2008 in Spain, separately for native-born and immigrant population in order to assess their contribution to the overall pattern of gestational length.
Methods
Registration of newborns is mandatory for all births occurring in Spain, regardless of the mother's nationality. All single births during the period 1997-2008 were selected from the Spanish Vital Statistics Registry. Data on gestational age at birth (weeks), parity, age, occupation and on country of origin of the mother were available.
According to this information mothers were grouped by parity (primiparae, one previous delivery, two or more previous deliveries) and 3 Births from mothers coming from developed countries showed a similar reduction in gestational weeks (1.12 days) than the Spanish for the whole period. Therefore, the analyses were carried out considering two groups: Spanish and Immigrant (considered as those coming from countries economically disadvantaged).
For both natives and immigrants, we compared the evolution of the mean gestational age by year and the statistical significance of the differences was assessed using ANOVA test. To assess differences in the distribution of the gestational age along the study period within each of the two population groups, we classified deliveries in 4 periods (1997-1999, 2000-2002, 2003-2005 and 2006-2008) and in 4 categories of gestational age: Very Preterm Birth (VPB, B32 weeks), Moderate Preterm Birth (MPB, 33-36 weeks), At Term birth (37-41 weeks, also subdivided in 3 subcategories 37-39, 40 and 41 weeks) and Post-term birth (C42 weeks). Proportions of births by category of gestational age across the 4 periods were calculated and compared by means of chi-square test as well as proportion of births by parity and categories of maternal age, origin and type of work. Gestational age was also graphically represented.
To quantify the risk of having very preterm, moderate preterm and post-term deliveries along the 4 periods considered and the influence of variables with known impact on the duration of gestation we fitted crude and adjusted multinomial logistic regression models (with 37-41 weeks as the baseline category) separately for natives and immigrants. Additionally, separately for each group, we explored the evolution of the odds of delivering at term babies with 37-39 weeks by means of crude and adjusted binary logistic regression models (with 40 weeks as the reference category). In all crude and adjusted models Odds Ratios (OR) and their 95% Confidence Intervals (95% CI) were obtained.
Results

5,018
,229 singleton births were registered between 1997 and 2008 in Spain, 88% of them corresponding to Spanish women and 12% to immigrants (10.63% economic immigrants and 1.37% non economic immigrants). Data on parity, age, area of origin and occupation of the mother were complete, but gestational age data were missing for 13.36% of newborns from Spanish mothers and for 20.69% of newborns from immigrants.
The evolution of the mean gestational age over time for all births (native born and immigrants jointly) showed a gradual decrease, going from 39.28 weeks in 1997 to 39 .07 in 2008, a mean decrease of 1.47 days. As Fig. 1 The proportion of deliveries by gestational age along the 4 periods considered are summarised in Table 1 and represented in Fig. 2 . The number of deliveries from Spanish mothers increased slightly from 1997-1999 to 2006-2008 in 127,663 births. During this time, the decrease in the prevalence of preterm births was marginal. The shortening of the mean gestational age is due to a striking decrease in the proportion of at term births with 40 weeks in favor of an increase of births with 37-39 weeks. A decrease of post-term deliveries over time also contributed to the shortening of gestational age in Spanish newborns. Among immigrants, the number of deliveries has experienced a marked sevenfold increase from first to last period. In contrast to Spanish women, shortening of the mean gestational age observed in immigrant women is partly consequence of a clear increase of preterm births over time, mainly attributable to moderate preterm but also to very preterm deliveries. However, the main reason for gestational shortening in immigrants was a more marked decrease than in Spanish in the proportion of 40 weeks deliveries in favor of births with 37-39 weeks. This more pronounced shift to the left in the length of at term gestation among immigrants is seen in Fig. 2 . A higher decrease of post-term deliveries was also evident among immigrants along the period. Table 2 shows the proportion of deliveries according to maternal characteristics. The proportion of primiparae mothers among Spanish has slightly increased over time. immigrants decreased and no remarkable changes occurred in the proportion of deliveries from C35 years mothers. Both, Spanish and immigrants showed a reduction in the proportion of deliveries from non working mothers, parallel to an increase of deliveries from mothers working in services and manufacturing and in managerial and clerical jobs but also in farm work or related in immigrants.
Analyses showing the evolution of the risk of gestational shortening in preterm and post-term deliveries are shown in Table 3 Finally, the evolution of the odds of gestational shortening among at term deliveries is shown in Table 4 . A gradual increase over time in the adjusted risk of being born at 37-39 weeks at the expense of deliveries with 40 weeks occurred both in Spanish and immigrants, but more pronounced in the latter group.
Discussion
Our results show that in the last 12 years a progressive shortening in the mean gestational age of live births has taken place in Spain. While the overall decrease of gestational length along the period was 1.47 days, closer to that in Spanish women (1.26 days), it was 2.31 days among immigrants (3.24 days in Eastern European). In both Spanish and immigrants this shortening was mainly due to an increase in the proportion of 37-39 weeks deliveries at the expense of a substantial decrease in those with 40 weeks, but also to a reduction in the prevalence of post-term deliveries. However, among immigrant women, an increase of very and moderate preterm deliveries over time has also contributed to the gestational shortening. Those effects remained after controlling for known confounding variables such as maternal age, parity and occupation.
Trends of gestational shortening have been reported in other countries [14] [15] [16] [17] . A study carried out in Australia [14] including births from 1990 to 1996 showed a decline in 40 and C42 weeks' births and a concomitant increase of term births with 38-39 weeks of gestation. Although the pattern was similar to that found in our study, theirs was confined to C37 weeks' deliveries and carried out only in the region of New South Wales. In the United States, the analysis of births in 1992, 1997 and 2002 from mothers of different racial/ethnic groups [15] showed a shift to the left in gestational age, from 40 weeks as the most frequent length of gestation in 1992 to 39 weeks in 2002. This shift was consequence, again, of a decline in the proportion of post-term and 40 weeks' births, but also in those at 41 weeks. A more recent study including at term births from 1990 to 2005 in the United States [17] confirms a decrease of more than 2 days in the mean length of gestation as a consequence of the decline of births with 40-41 weeks. In the only, to our knowledge, European study which has analyzed the evolution of gestational age, a shift toward shorter times of gestation was identified among Italian at term births (C37 weeks) born between 1990 and 1998 [16] . Along this period the mean gestational Fig. 2 Evolution of the proportion of births by gestational age among Spanish and immigrant women age was reduced by 1.33 days, quite similar to the reduction observed in Spain.
Our study was nationwide, looking at term births but also preterm and post-term. The period considered was recent and longer than in most previous studies.
One significant problem of the study is the large number of cases with missing information on gestational age, especially for deliveries from immigrant mothers. Although in Spain there is universal access to health care, even for undocumented immigrants, we can not rule out the possibility that cases with no data for gestational age might represent births of immigrant women with limited access to health care services. Limited access to health care has been related with worse reproductive results (prematurity, low birth weight) in immigrant populations [27] [28] [29] [30] . Even under this hypothetical scenario, it is doubtful that missing data on gestational age explains the shortening of gestational age identified in this study, although the estimated difference between Spanish and immigrants could be higher. In order to check this hypothesis and considering the correlation between gestational age and birth weight, we have checked the information about this last variable among cases with missing gestational age. Information on newborn's weight was missing for only 4.96% of cases and we checked that 95.82% (95.7% for Spanish and 96.22% for immigrants) of births with missing value for gestational age were babies with weight over 2500 grs (mean birth weight 3,246.47 and 3,316.86 respectively). Therefore it is unlikely that infants who do not have data for gestational age are the most premature.
On the other hand, the possibility of gestational shortening as an artifact stemming from a more accurate reporting of the duration of pregnancies over time needs to be considered. The Spanish Vital Statistics Registry registers information on gestational age provided by parents or relatives at the time of birth registration. A change over time in the accuracy of reporting seems unlikely. The fluctuation in the degree of completeness of this variable throughout the period analyzed does not explain consistently the trends identified in the study.
A change along the period in the method used for gestational age determination might have an impact on the estimated gestational age. In fact, several studies have consistently shown that, compared to the last menstrual period dating, early ultrasound dating results in a shift to the left in the gestational age distribution [31, 32] . However, no changes in the method for determination of the gestational age have occurred in Spain during the period considered.
Data shows that the mean gestational age for immigrants exceeds the Spanish until 2005, but dropped thereafter. Immigration in Spain is a recent phenomenon. Latin American and North-African women have been the largest Comparisons of the percentages along the 4 periods in each category were statistically significant (P-value \
0.001)
Shortening of gestational length 567 immigrant population groups during the last decade, but in recent years there has been a very rapid increase in the affluence of women from Eastern Europe and Sub-Saharan Africa with a notable increase of births to mothers from these geographical areas. Similar or better reproductive outcomes than for native women have been reported for immigrant women from Latin-America or North-African in different contexts [34] [35] [36] , although a worsening in their reproductive indicators parallel to the increased time of residence in the host country has been reported [37] [38] [39] . In Spain, a recent study shows that more recent immigrant women from Eastern-Europe and Sub-Sahara have a much higher risk of prematurity than other immigrant groups or Spanish-born women [40] and our data shows that those two immigrant groups have experienced the greatest decrease in gestational age. Collectively, all this evidence could explain the increased difference between Spanish and immigrants in the decline of the mean gestational age in most recent years. According to these considerations, the trend identified in our study seems to reflect a real change. Underlying causes for a true shortening in the mean length of gestation might be concomitant changes in maternal characteristics [1] [2] [3] [4] and/or in the obstetric practice [11] [12] [13] along the period studied. Our results show an increasing proportion of primiparae over time only among Spanish women. Given the positive association between primiparity and the risk of reduced length of gestation [1] [2] [3] [4] , this difference between [33] , and therefore their possible influence on our results cannot be ruled out. However, the studies previously mentioned show that shortening of gestational length is quite independent of type and mode of delivery and of maternal age. The study carried out in New South Wales [14] found that the shift to earlier gestational ages also occurred among women less than 35 years and among births with spontaneous onset. In one of the studies performed in the USA [15] the shift to the left in the distribution of gestations occurred among all three categories of delivery: spontaneous, induced/caesarean and those with premature rupture of membranes. The more specific analysis of the evolution of deliveries [17] conducted in the other USA study also confirmed that neither statistical adjustment by maternal and neonatal characteristics or by obstetric practices nor restriction of the sample to a homogeneous low-risk subgroup -none of whom were induced or delivered by caesarean section attenuated observed declines in gestational duration of term births. Finally, the study performed in Italy [16] showed that the shortening experienced in pregnancies from mothers \30 years was more relevant than that occurred in pregnancies among older mothers independently of the educational level. Another factors with known negative impact on the duration of pregnancy but not recorded in birth records are the nutritional status of the women, the exposition to toxics, the emotional stress and anxiety or the presence of specific medical conditions [5] [6] [7] [8] [9] [10] . We cannot rule out temporal changes in some of these factors that might contribute to the identified decline in the gestational length. In this regard, detailed studies would be needed to explore their influence on delivery at the population level. There is also a positive association among infertility treatments and reduced length of gestation [11, 12] . In Spain, an increase of infertility treatments over the period analyzed has occurred [19] , but we consider that it does not explain neither shortening among at term pregnancies or the higher gestational shortening experienced by immigrant women.
The mean gestational age was quite similar between native-born and immigrants for the first three periods considered and differed markedly for the last period. This difference was due not only to a significant increase in preterm births but also in early at term births. Thus, given that the number of births from immigrant mothers increased notably in this last period, the differentiated contribution of immigrants to the overall gestational shortening was bounded to the period 2006-2008. Neither the underlying reasons for the gestational age shortening nor the consequences of such a decline are definitely established. Since the duration of gestation is a predictor of short and long-term disease risk among preterm but also among term newborns, it seems necessary to carry out further research to monitor this trends, with particular attention to differences among population groups.
